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Abstract
Trade and inequality:
evidence for nonlinear dependencies and feedback
In this thesis, our objective is to identify the nature of the dependence or causal re-
lationships that exists between trade and income inequality. We use monthly data for
a group of 14 developing countries and apply Johansen’s linear cointegration, linear
Granger causality, B.D.S test for non-linear dependence and non-linear Mackey-Glass
Granger-type causality. The contribution of this thesis lies -mainly- on the application of
the Mackey-Glass Granger-type causality for identifying nonlinear dependencies between
trade and inequality. We identify a curious bi-directional relationship where trade causes
non-linearly inequality and inequality causes linearly trade. This means either that in-
equality does not converge into a steady state or equilibrium point, or that it converges
with periodic or aperiodic short-term oscillations around it. This evidence has a very
important implication, that it is rather impossible to control inequality between trading
countries.
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Introduction
What is the type of causality that runs from trade to inequality and vice-versa? Is it
a linear, or a non-linear one? All empirical works that test how trade affects income
inequality between countries, mainly use the tools of linear regression analysis to address
these relations. Depending on the specific statistical methods used, the empirical results
are mixed. Ben-David (1993, 1996) shows convergence evidence among countries, while
Slaughter (2001) finds no strong systematic link between trade liberalization and convergence.
Dutt & Mukhopadhyay (2005) also find that trade causes an increase in the inequality of
per capita GDP across nations and Cyrus (2004) identifies linear causality feedback effect
between trade and income.
According to the classic trade theory of Heckscher-Ohlin, different endowments of
countries can cause trade to arise. On the other hand, modern endogenous growth theory,
sees products us vehicles carrying embodied information (Grossman & Helpman, 1991b).
In this case, trade can either increase the growth rates of all trading countries (Grossman
& Helpman, 1991b), or cause uneven development between developed and less developed
countries (Young, 1991).
All of the above works, however, use exclusively linear econometric methods to test
for the causality or dependence relations that might exist between trade and income in-
equality, so that one can assume that they take as granted that the structure of the model
is linear. However, modern approaches argue that the diffusion of knowledge spillovers
in the economies and the process of social learning must be nonlinear (Aghion, Caroli
& García-Peñalosa, 1999), or that income inequality can cause macroeconomic fluctua-
tions and instability (Alesina & Perotti, 1996; Aghion et al., 1999). At the same time,
2
3recent works provide evidence that the dynamic properties or interdependencies of many
macroeconomic time-series are non-linear (Kyrtsou & Labys, 2006, 2007; Hristu-Varsakelis
& Kyrtsou, 2008), which is a fact that disputes the validity of the assumption of linearity.
The aim of this thesis, is not to tell whether trade is good for inequality, or inequality
for trade. Rather to shed light to the underlying dynamic properties of the trade-inequality
system and provide new evidence in order to further understand it’s dynamic relation-
ship(s). Specifically, we are interested in testing the hypothesis of whether the relations
of trade and inequality are non-linear. Such a direction has never been pursued before
in the past literature. The contribution of this thesis lies -mainly- on the application of
the Mackey-Glass Granger-type causality for identifying nonlinear dependencies between
trade and inequality.
We test our research hypothesis according to the following structure: in chapter 1
we analyze the theoretical settings which relate trade with income inequality, while we
review the results that have been found in the empirical literature. In chapter 2, we
apply the statistical tests in order to test our research hypothesis. We apply Johansen’s
linear cointegration test in order to detect possible long-run relations between our time-
series. Next we apply the classic linear Granger causality test to identify possible linear
causality relations. Then follows the application of the BDS test in order to test whether
our time-series are non-linearly dependent in the uni-variate level. Lastly, we apply the
Mackey-Glass Granger causality test to detect whether trade and inequality are non-
linearly dependent, in a multivariate level. In the remainder of this chapter, we discuss
our empirical findings and implications and associate them with past research. Finally, in
chapter 3 we conclude while we propose further work.
Chapter 1
Theoretical settings
In the late fifty years, humanity have witnessed the evolution of a major global phe-
nomenon; globalization. The process of globalization, or internationalization as is also
being reffered with, takes place through multiple channels and affects the lives of human
beings with various ways.
A basic channel through which globalization takes place, is trade. The fall of barri-
ers of trade and the formation of common markets1 or economic unions, has lead to the
integration of national economies into the international one. The old General Agreement
on Tariffs and Trade (GATT), lately replaced by the World Trade Organisation (WTO),
the North American Free Trade Agreement (NAFTA), and the European Union, com-
prise major agreements and unions, which contributed to the explosion of the values of
world trade, while they impact upon the patterns of economic development and growth
of nations.
In addition, one of the major impacts of the process of economic integration, lies on
the income of individuals and economies. The mobility of human capital and products, in
relation to the rise of information flow, creates many potential production channels, and
therefore it can influence the income of nations. This means that it can finally affect the
distribution of income between human beings or nations. The latter are means through
which countries compare their well-beings with others and plan their future economic
1The term common markets, refers to agreements between a group of countries, which allows free move-
ment of capital and persons and elimination of tariffs among members (Bowen, Hollander & Viaene, 1998).
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5activities or intercourse. From the above, it is clear that the role that these two quantities
-trade and inequality- play for our lives, is very significant.
Analysing the relationship or revealing any dynamic properties of these two variables,
is of particular interest both in the scholar, or in the social level. The role that trade plays
for income inequality, or inequality for trade, is of profound interest for economists,
policy makers and the very societies. For economists, empirical analysis of the mentioned
relationships, serves either as operational validation of the relative economic theories, or
as guide material so as to “adjust [economic] theories to reality as it appears before”
them (Haavelmo, 1944). Furthermore, policy makers are closely interested in the effects
of trade on income inequality and vice-versa, in order to determine the economic or
legal frames for business activities and economic unions. From the later, accrues the
societies broader interest about the specific issue, since trade provides the ground for
human activity, whereas income inequality serves as the mean for assessing their well-
being.
The above reasons fueled the empirical research among economists the last decades,
in order to reveal and understand the dynamic properties of trade and inequality. How-
ever, most of the empirical studies, approach the topic from a classical point of view,
using mainly the tools of linear regression analysis. Hence, the results of their works
provide evidence for linear dependence or causality, either from trade to inequality or
vice-versa, neglecting therefore, the presence or influence of any type of non-linearity, in
the uni-variate or multivariate level. However, this methodological approach is histori-
cally justified, since the majority of the theoretical and empirical research in economics
was, until lately, delimited mostly to linear approximations of the economic phenomena.
It is not until the last two decades that nonlinear analysis has come into play of eco-
nomic research and provided further knowledge in understanding many economic phe-
nomena. This turn took place mostly in financial economics and social networks analysis
and lately, in macroeconomic modelling. However, the investigation for the presence of
non-linearity in the dynamics of trade and inequality, has considered minimum attention
in the circles of economists, therefore leaving open ground for further research.
6In the following, we provide a selective review of the literature, directly relevant to the
underlying hypothesis of this thesis, i.e., the hypothesis of non-linearity in the variables
of trade and income inequality and in their dynamic interdependence. Our aim is to
associate the empirical findings of past literature with the theoretic framework provided
from classical trade theory, modern theories, as well as nonlinear economic analysis. We
analyze facts about the methodology used, as well as emerging results, from all directions,
in order to define the scope of the past research. Prior to this, we define some crucial
concepts and measures of inequality.
1.1 Definitions and measures of income inequality
There exist various types of measures for income inequality. In the following we provide
the most relevant to this thesis application. However, before we proceed, we must make
clear that the terms income inequality or equality are -in general- being equally used with
the terms convergence or divergence. Convergence of income (e.g. wage) for a group of
countries or persons, states that the distribution of income of the specific sample becomes
more equal over time. That is in other words, that wage inequality declines. In the
contrary, divergence states that wage inequality increases. In this thesis, we adopt using
the term inequality, instead of the term convergence. More details about the specific term
of convergence and other measures of income inequality are provided right below.
1.1.1 Inter-country (between countries) inequality and within-country (national)
inequality
Inter-country inequality, or international inequality, measures the differences on incomes
between different countries, either in aggregate or in per capita level. This kind of mea-
sure treats each country as an individual, thus the unit of observation is country. For
example, if one uses data on per-capita GDP for a group of countries for a specific time
period, then the inequality measure that he gets by comparing these per-capita GDP’s, is
inequality of per capita GDP among or between those countries.
7This kind of measure of inequality of income, is one of the most usual in the his-
tory of income inequality or convergence. However, the weakness of this measure [...] lies
in the fact that [for example] the per capita GDP of China is accorded no more importance than
that of Madagascar, even though the former clearly affects a vastly larger segment of the world
population (Ghose, 2004). For this reason Milanovic (2007) defines this concept of inequal-
ity as unweighted international inequality, because of the fact that it “disregards countries
populations” and thus “each country counts the same”.
If one wants to correct for this weakness, he can measure differences on incomes with
population-weighted international inequality(Milanovic, 2007). This measure, assumes that
each individual of a country receives the same income, that is, that the distribution of
income between the population of this country is equal, but it assigns further weight to
the total population of a country. Hence, the unit of observation is country weighted by it’s
population. In this manner, ”China’s per capita GDP counts for much more than that of
Madagascar“ (Ghose, 2004).
Within-country inequality on the other hand, measures inequality of income between
the citizens of an individual country (nation). That is, within-country inequality measures
it’s domestic inequality, which is the distribution of income within a country’s national
boundaries.
1.1.2 β-convergence and σ-convergence
β-convergence and σ-convergence are the most important concepts of the convergence liter-
ature. Following Sala-i Martin (1996), there is absolute β-convergence if poor economies tend
to grow faster than rich ones. This type of convergence holds if we estimate the following
regression
γi,t,t+T = α− βlog(yi,t + ε i,t, (1.1.1)
and find β > 0, where γi,t,t+T = log(yi,t+T/yi,t)/T is the country i’s annualised growth
rate of GDP between t and t+ T and log(yi,t is the logarithm of country i’s GDP per capita
at time t for a group of i countries.
The second concept of measuring convergence of incomes between countries, is that
8of σ-convergence and is defined according to Sala-i Martin (1996), as follows: a group of
economies are converging in the sense of σ if the dispersion of their real per capita GDP levels tend
to decrease over time, that is if
σt+T < σt (1.1.2)
where σt is the time t standard deviation of the log of per-capita GDP across the i tested
countries.
In this thesis, we borrow the above concept of σ-convergence to construct our time
series of inequality, in order to test for our working hypothesis of non-linear dynamic
dependencies between trade and inequality.
1.2 Literature review
1.2.1 Classical approaches
Growth theories
Classic theories of growth, do not provide a theoretical framework for explaining the role
of trade for income growth rates or inequality between countries. In the Solow model, a
country’s rate of growth is driven only from it’s own capacity to finance it’s investment
through domestic savings. The convergence process takes place monotonically, depend-
ing on whether a country’s initial capital is below or above the steady state growth rate.
Hence the distribution of income between countries and the convergence of their incomes,
is primarily depended only on their individual economic activity. Dependencies between
countries, through trade interactions, do not matter. Needless to say, that the assump-
tions of the centralized identical production function, and the simplistic linear rule for
consumption and investment, as well as the monotonic transition of countries to the
steady state, leave no place for non-linearities in the transition dynamics of the growth
rates of countries.
The neoclassical Ramsey model, assumes perfect markets and identical homogeneous
9agents, where firms and consumers maximize their profits and their inter-temporal con-
sumption respectively. Within the same concept of Solow model, though in a decentral-
ized frame, Ramsey model predicts the same growth rate in capital as in the centralized
Solow model and that economies tend to converge to the modified golden rule of capital.
This last prediction that economies tend to converge over time, as well as the prediction
of the Solow model, are rejected from the empirical findings of various works, some of
which they follow in the next paragraph.
Pritchett uses data from Penn Tables to estimate a minimum subsistance level of per
capita income for a group of 125 countries. Under the assumption of a specific lower
subsistance level of income, he backcasts data and estimates the per capita incomes levels
for all countries for the period of 1870 to 1990. What he finds, is strong divergence
between all countries, since the poorest countries in the world, grow at rates much lower
than that of the richest one, i.e United States. That is, the hypothesis of converging
economies can not be supported from his data. On the other hand, Sala-i Martin finds
“lack of convergence” on per capita incomes, for a sample of 110 countries for the period
of 1960 to 1990, using data from Penn Tables, whereas he finds evidence for σ-convergence
only for the group of O.E.C.D countries.
Trade theories: the Factor Abundance Model
As Slaughter (1997) addresses, “from the Solow perspective international linkages do not
matter, but from the trade perspective they are everything”. This absence of trade as a
factor of analysis from the framework of classical growth theories, is filled by the early
classical theories of trade. The first, historically speaking, trade theory that examines
the causes of product flows and its effects on individuals incomes, is the factor abundance
model, or else known as the Heckscher-Ohlin-Samuelson (H-O-S) theory, after the successive
contributions of Eli Heckscher in 1919, Bertil Ohlin (1933) and Paul Samuelson (1949).
One of the main predictions of this model is the Heckscher-Ohlin theorem. This theorem
states that different endowments in the factors of production can initiate trade between
countries. This particular prediction arises from the fact that, when a country is abundant
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(quantitative) in a specific factor of production, say capital, then this country has a com-
parative advantage in the production of capital intensive products. Thus, if trade exists,
it is in benefit for this country to specialize in the production of products that require
the use of capital (the abundant factor) and export this product to other countries. While
at the same time she can import the products that use those factors that she is scarcely
endowed with, (and does not have a comparative advantage) from another country that
is abundantly endowed with those factors. From this view, Heckscher-Ohlin theorem
predicts that differences in the physical endowments of factors can cause trade to arise
between countries.
As it is obvious, the Heckscher-Ohlin theorem can not account for the existence of
trade between countries that have the same endowments in the factors of production,
which seems to be a very common phenomenon nowadays. This gap, however, is ad-
dressed from the new trade theories, the prediction of which we will examine in the next
subsection.
Another prediction of the factor abundance theory, is the well-known factor price equal-
ization (FPE) theorem, which stresses the effects of trade on wages. This theorem predicts
that free trade in goods (or services), can equalize factor prices across countries. That
is, free trade can cause individual wages between countries to converge, since wages are
labour’s factor prices. Yet, we have to stress that, FPE theorem does not say anything
about the dynamic process of the equalization of factor prices, or the process of trade as
a whole. It describes only factor prices in static steady-state free-trade equilibria. FPE
theorem stands under the following assumptions of: two products, two countries, identi-
cal production technology between the two products and the two countries, identical and
homogeneous preferences across the two countries and perfect competition which clears
the markets.
Since wage is a basic compound of per capita income, then we can say that FPE
indirectly affects per capita incomes. However, it easy to see, that wage is not the only
factor of individual income. Following Slaughter (1997), we can write per capita income
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in the simple form of
pcGDP =
wL + rK
L
= w + r(
K
L
) (1.2.1)
where w represents wage, r represents capital returns and K and L is capital and labour
respectively. As we can see from this equation, even if wages are equalized between two
countries, we can not infer that per capita incomes will be also equalized, since there is
the caveat of the capital quantity endowment of an individual. That is, since FPE theorem
affects only the one factor of per-capita GDP (wages), it will be a fallacy to infer that FPE
can cause equalization of per-capita GDP between a group of countries, since we do not
control the endowments of capital.
Falsely many researchers which measure the impacts of trade on per capita income
infer that FPE can account for the impact of trade on per capita income convergence. Ben-
David (1993), Ben-David (1996) and Sachs & Warner (1995) are three influential papers
that fall in this fallacy. Ben-David (1993) uses per-capita income data and finds conver-
gence between a sample of 107 countries, but lack of convergence among the 25 wealthiest
countries and the European Community countries.
Ben-David (1996) categorizes countries to rich, poor and trading partners countries
and finds that countries that trade more between them (trade partners) exhibit conver-
gence, while random selected trading groups exhibit divergence. In the same spirit Sachs
& Warner (1995) classify 125 countries as either “open” or “close” to trade under five
criteria and finds convergence to those countries that started relatively “open” to each
other, for a period of 1975 to 1989.
On the other hand, Slaughter (2001) uses a “difference in differences” approach in
order to examine the convergence hypothesis for numerous groups of countries, before
and after a period of trade liberalization. The evidence he finds are mixed and suggest
either “no strong systematic link between trade liberalization and convergence”, or “that
trade liberalization diverges incomes among liberalizers” (Slaughter, 2001).
Finally, there are plenty efforts in the literature, which test for the effects of trade
on per-capita income convergence or wage equalization2. All of them, however, silently
2Anderson (2005) makes a wide review.
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accept that trade and income are linearly dependent and thus they do not test for the
presence of non-linearity.
1.2.2 Modern approaches
New trade theories
New and modern approaches extend the classical factor abundance theory (H-O-S), and
provide alternative explanations and predictions about the relation of trade and income
inequality. A theory that advances the H-O-S model is the work that started from Wood
(1998) and further developed in Wood & Ridao-Cano (1999). These works advance the
standard Heckscher-Ohlin model of the 2 product-2 countries case. Wood & Ridao-Cano
(1999) model predicts that in the many-countries case, trade can cause divergence in wages
between countries, which is a prediction, totally contradicting to the standard H-O-S
model.
The idea behind these models is described briefly in the next. Countries specialize in
the production of goods that require -mostly- the use of factors that they are abundantly
endowed with3. Then, poor-developing countries that are abundant in unskilled labour
and scarced in skilled labour, tend to export products that are intensive in unskilled
labour, that is, primary commodities. Whereas rich-developed countries that are abun-
dantly endowed with skilled labour, tend to export products intensive in skill labour, like
computers. With globalization, the demands for the products of both countries, increase.
Thus, in the poor country, the demand for unskilled labour rises, raising unskilled labour
wages, while the demand for skilled labour falls, without causing increasing trends to the
skilled labor wages. This implies a reduction in the inequality of wages in the (poor) less
developed country.
On the contrary, in the rich country, trade will increase the demand for skilled labour
products and reduce the demand for unskilled labour products. Hence, skilled labour
wages increase, which implies that the overall inequality in the rich country increases.
Nevertheless, this theory describes the static steady-states for the countries involved in
3Hypothesis that also holds at the Heckscher-Ohlin model
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trade; before and after an increase in trade openness. Also, it does not describe the
dynamic relation, or the dynamic path of movement of trade and wages. The dynamic
procedure of this model remains an open question.
Most researchers who try answering this question or testing the above hypothesis of
the Wood (1998) model, approach the dynamic dependence, with standard linear tools.
The results are ambiguous and vary depending on the sample estimation of a regression
of the type:
Ineqit = β0 + β1Openit + β2OpenitYit = uit (1.2.2)
where Ineq measures inequality among incomes, Open measures the openness of a coun-
try to trade and Y is a measure of development, so that β2 measures the direction and
amount of whether a developed or developing country affects inequality. “Support of
the hypothesis requires that β1 < 0 and β2 > 0” Anderson (2005). In this context, Barro
(2000) uses the Gini index to measure inequality and trade to GDP ratio to measure open-
ness. For a sample of 84 countries between 1960 to 1990, he accepts the predictions of the
above model of Wood & Ridao-Cano (1999). Ravallion (2001) uses the same variables for
another sample of countries and accepts the hypothesis of Wood & Ridao-Cano (1999)
model. Finally, it is worth mentioning the very influential and criticised paper of Dollar
& Kraay (2002) which does not accept the Wood-Ridao hypothesis.
We must note a very crucial point with regard to the approach of the previous works.
The above theoretical and empirical approaches stress only the one way causality from
trade to wages. The other way causality that stems from income inequality to trade, is
answered mainly from the works Krugman (1979, 1980) and Krugman (1981). In his paper,
Krugman (1979) develops a general equilibrium model, where countries have identical
tastes and technologies in the production of any possible good. He assumes only one
factor of production (labor) with no variations in the skills (skilled - unskilled) and hence
differences in the endowments cannot exist. However the key assumption here is that
each firm in it’s country has decreasing average costs which imply increasing returns to
scale. This assumption leaves space for firms to earn some profits, until markets reach
the equilibrium state where profits are zero. However, when borders are open and firms
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- countries can trade their products, trade can improve their welfare because it increases
the choices of consumers (i.e diversity of goods), since they are assumed to maximize
their utility from a continuum of products. This way, he proves that even with similar
endowments, trade can arise and provide benefits to similar countries. This last prediction
is totally opposite to the standard Heckscher-Ohlin theory, where trade arises only from
differences in endowments of factors.
In a similar concept and under the same modelling assumptions of the above model,
but with further multiple identical industries in each (identical) country, Krugman (1980)
proves that even under transportation costs, trade provides benefits to the countries. In
particular, this result holds when under transportation costs and increasing returns to
scale, the fractions of the consumers that prefer each industry’s good, is not equal. Then
the firm that produces the good that is more preferred in the home country, will be
“a net exporter of this industry’s products” (Krugman, 1980). This happens because,
the particular industry of the home country enjoys the economies of scale due to the
larger demand and the lower transportation costs relative to the same industry of the
foreign country for this product. This holds since the home industry has to export a
less fraction of the specific product in order to meet the demand of the consumers of the
foreign country. This interesting result, proves that trade can arise and provide gains,
even in identical countries with identical industries and transportation costs. Once again,
this prediction is contradicting to the standard Heckscher-Ohlin theory. Krugman (1981)
extends his results and proves that, the more similar two countries are, the most they tend
to trade between them, in an intra-industry4 level.
From the above it is clear that new trade theory provides predictions that are not ad-
dressed by the classical H-O-S theory. Although, the results of new trade theory hold only
in a static equilibrium state. The dynamic procedure of those predictions is not stressed
at all.
4Intra-industry trade refers to trade between countries in the same, or similar products
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Other theories
From a totally different view Alesina & Perotti (1996) identify another channel through
which inequality affects the growth rate of countries. They argue that high income
inequality causes political instability and social disorder, which further causes macroe-
conomic volatility. Their argument lies on the assumption that political instability can
reduce investment. They construct an index of political instability using principal com-
ponent analysis (PCA) and estimate a two equation system, with endogenous variables
being investments and socio-political instabilities. They perform cross-sectional regressions
for 71 countries and annual data for 1960-1985. Their findings suggest that “socio-political
instability depresses investment and a rich middle class reduces socio-political instabil-
ity”. They find that a slight reduction in income inequality has increasing effects in
political instability, which in turn reduces investments. Since investment is the basic com-
ponent of growth, Alesina & Perotti (1996) identify a channel through which inequality
can cause volatility in the macroeconomic variables of output and growth. Could this
volatility caused by inequality be transferred in trade volumes of economies, since trade
is a direct result and component of growth?
Through another theoretical framework, Levy (2002) proves that in an AD-AS model
with heterogeneous expectations of individuals on inflation, income inequality can “in-
tensify macro-economic volatility by increasing the likelihood of the trajectories of in-
flation rate and output oscillations”. He proves that the higher the degree of income
inequality, the larger the oscillations of output. Also under certain circumstances, the
higher the degree of income inequality the longer the economic cycle.
Furthermore, Aghion, Caroli & García-Peñalosa (1999) argue that when capital mar-
kets are imperfect and the access to investment is unequal, investment can exhibit oscil-
lations. This in turn, implies that there remain ”unexploited production possibilities and
hence the log run growth rate is lower than it could be“.
All previous works, constitute intriguing linkings of income inequality with produc-
tion outputs and growth rates. Volatility and oscillations of these macroeconomic vari-
ables, means cyclical or periodic behaviour of the corresponding time series, or cyclical
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steady-state equilibria in economic systems. This properties of dynamic behaviour can be
better modeled with non-linear models, which can capture such complicated dynamics.
New growth theories
In order to complete our literature review for the links of trade with income inequality, we
introduce the models of the so-called new growth or endogenous growth theory. Endogenous
growth theory fills the weakness of the neoclassical growth models to explain the differ-
ent and continuous rates of growth that countries exhibit. The main contribution is the
endogenous rate of growth through knowledge, under the basic idea where economies can
exhibit non-decreasing returns to (human) capital, due to knowledge spillovers or research
and development.
Endogenous growth models, firstly pioneered from Romer (1986, 1990) and Lucas
(1988). Firms here, take technology (or knowledge) as given, but the stock of this knowl-
edge is advancing endogenously for the economy as whole. Romer (1986, 1990) and Lucas
(1988) assume that this takes place because of Knowledge spillovers across firms, or be-
cause of research and development efforts in the economy. This externalities are assumed
to be strong enough in order to drive economy’s growth rate. This striking feature is very
important, as it can account for the different growth rates of economies, thus vitiating the
income convergence prediction of the neoclassical Solow-Swan model.
The above works however, do not account for the role of trade to this process of knowl-
edge spillovers, while they treat international spillovers as automatic and instantaneous
with the local spillovers. Does trade indeed plays a role for transmitting knowledge? If
so, how does it affect production performance of countries? And what is the underlying
dynamic structure that this process takes place along time, is it linear, or nonlinear?
As far as the first question is concerned, Grossman & Helpman (1991b) provide an
answer that indeed trade plays a role for transmitting knowledge. Grossman & Helpman
(1991b) argue that commodities that are being transferred from one economy to another,
serve as vehicles that carry the ideas or knowledge between them. They make a fur-
ther interesting assumption that besides local efforts in research, the accumulation of the
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human capital arises when
residents of the small country interact with agents in the outside world, they
gain access to a body of accumulated wisdom there, as well as to some of the
new discoveries that are being made on an ongoing basis. The foreign contri-
bution to the local knowledge capital stock increases with the number of com-
mercial interactions between domestic and foreign agents. While knowledge
can be acquired from the international community through channels that have
nothing to do with business relations, it seems reasonable to suppose that the
extent of the spillovers between two countries will increase with the volume
of their bilateral trade.
They further prove that the more the countries trade, the more they grow in levels of
output. Also, they prove that policies promoting trade, make growth expand.
Young (1991) also stresses the dynamic effects of trade on growth, where economies
exhibits spillovers of knowledge across different goods by learning-by-doing. Young
(1991) assumes spillovers through different industries in the same country but no in-
ternational diffusion of the knowledge. This particular hypothesis can make an autarkic5
economy to exhibit unbounded growth, only because of knowledge spillovers that are car-
ried from a good (or production) to another good (or production). In such a context,
when countries trade, the technical progress rate of the less developed country will be
higher than that of the developed one. Also, free trade “will tend to raise the rate of GDP
growth of the developed country and lower the growth rate of the less developed” one
(Young, 1991). He also proves that the if the developed country’s population is bigger
than that of the less developed country, then the gap in the technical progress of the two
economies will increase.
Furthermore, Grossman & Helpman (1991a) model a framework where agents can
imitate the successful results of research and development that is carried out from an-
other country. Under this view, each product can be improved many times. When this
5In trade literature, an autarkic economy is one that is not trading with other counties. She consumes
only what she produces.
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is achieved by the labs of a firm, then this firm gains monopoly rents until another firm
better improves upon this product or imitates its quality. When these quality improve-
ments go on continuously, production exhibits cycles from one country to another or one
firm to another. Through this view, output performance of a country can exhibit cycles,
in the aggregate level. This phenomenon can be better captured with nonlinear models
which allow for the presence of cyclical behaviour in a time series. Thus, a time series
representing the inequality of output for a group of countries would respond irregular or
probably cyclical to a cause from a trade time series.
What does the literature say about the dynamic process of the knowledge transfer,
that takes place through trading products and countries. Aghion et al. (1999) argue that
there are two reasons that this process must be nonlinear. They argue that the diffusion of
a general purpose technology (GPT) invention6, like computers or internet, diffuse in the
economy in a nonlinear way. They further argue that ”whilst each GPT raises aggregate
output and productivity in the long run, it also causes cyclical fluctuations while the
economy adjusts to it“. They also indicate that the diffusion of such a technology, that
can be embodied in products, is nonlinear due to the social learning process. They argue
that even if a firm learns something about a particular technology, she will not, however,
engage in the production until she can have a template on the specif production process in
order not to take the risks of engaging on something new. After some firms have tried
the new technology, then the process of social learning through imitating, takes the form
of a ”snowball effect“ where most of the firms use this new technology.
Time series approach
”Atheoretic” approaches use various econometric analysis in order to detect dependence
and causality between trade and inequality. Although all of them use linear techniques,
it is worth noticing them in order to frame the spectra, of both the techniques used and
the results found. Dutt & Mukhopadhyay (2005), use VAR approach and impulse response
analysis to address causality between openness (=trade to GDP ratio) and the dispersion
6Which is is a technological invention (or breakthrough) that affects the entire economic system (Aghion
et al., 1999).
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of GDP per capita (σ-convergence and between capital flows and the dispersion of GDP per
capita. They use annual data from The World Bank for the years 1977 to 1988 and estimate
a three-dimensional VAR. They do identify that trade linearly Granger causes inequality,
and that inequality’s response to a shock to trade is positive.
In the same spirit of Dutt & Mukhopadhyay (2005), Cyrus (2004) uses time series
analysis and tests for causality between trade and income differences. She uses panel
data methods of ordinary least squares, instrumental variables, fixed-effects and random
effects for bilateral trade(= exports plus imports) and differences in income per capita, be-
tween 1965 and 2000 at five years intervals, and finds that there exists linear feedback7
between the mentioned variables. Her methodology is robust enough, with a large sam-
ple of about 9000 observations. This is a very important finding, since it can validate
the dependencies that are addressed from both trade theories which predict that trade
causes income inequality, or that inequality causes trade. However, the assumption of the
causality that underlies the tested variables, is the linear one, since Cyrus (2004) uses the
classical linear Granger causality tests.
Another approach that has appeared in the literature of convergence is based on the
concept of econometric cointegration. This approach however, does not account for the role
of trade on the convergence process. Bernard & Durlauf (1995) use Johansen’s concept
of econometric cointegration in order to test for the existence of convergence and steady
state between different countries. Under the concept of cointegration, if two countries
per-capita GDP converge in the long run, then it must be the case that their differences
of per-capita GDP across time must be zero. Or else, if the difference series of their per-
capita GDP is stationary8. In this case there must exist a linear long run relation, i.e, the
two countries converge in a steady state. This can be tested with a unit root test, or with
Johansen’s likelihood tests for cointegration.
In an analysis of fifteen OECD countries, Bernard & Durlauf (1995) find little evidence
of multivariate convergence. Stroomer & Giles (2008) use the cointegration approach as
7In the literature of causality, feedback is the case where there exists two-way causality from a couple of
time-series. That is, both time-series are causing each other.
8Stationarity is a property of random processes (time series), where it’s properties (mean, variance, co-
variance) are invariant of time, i.e., they do not change
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well as fuzzy clustering techniques, to “cluster the different countries in [their] sample
into a small number of groups, reflecting different degrees of openness to international
trade. This, in turn, enables [them] to test for convergence in output between the coun-
tries within a given cluster”. Stroomer & Giles (2008) use annual time-series data for 88
countries from the Penn World Tables, to “obtain somewhat mixed results, but on balance
they are quite supportive of a positive relationship (though not necessarily causality) between
trade openness and output convergence”.
1.2.3 Nonlinear approaches
Classical and modern theories of trade and growth, provide a good basis for analyzing
the causality relations that run through trade and inequality. However only few of them
leave space for the inferrence of cyclical or nonlinear dependencies between trade and in-
equality. Furthermore, there has never been a systematic approach to quantify or qualify
these dynamics within the context of nonlinear empirical analysis.
Although absent in trade-inequality analysis, the nonlinear approach has determined
a prominent role in the research of macroeconomic variables, providing further insights
about the deterministic behaviour of the latter. Briefly speaking, non-linearity - either in
an economic variable (uni-variate analysis) or in a system of two variables (multivariate
analysis), is interpreted as the phenomenon where the relation of the information input or
shock (the cause) and the output (the effect), is no-proportional. In this case we can say that
the variable, or the system, is generated from a nonlinear mechanism. Kantz & Schreiber
(1997, chap.1) nicely argue why the use of nonlinear methods is useful:
Linear methods interpret all regular structure in a data set, [...] as linear cor-
relations. This means, in brief, that the intrinsic dynamics of the system are
governed by the linear paradigm that small causes lead to to small effects.
Since linear equations can only lead to exponentially growing or periodically
oscillating solutions, all irregular behaviour of the system has to be attributed
to some random external input to the system. Now, chaos theory has taught
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us that random input is not the only possible source of irregularity in a sys-
tem’s output: nonlinear, chaotic systems can produce very irregular data with
purely deterministic equations of motion. Of course, a system which has both,
non-linearity and random input, will most likely produce irregular data as
well.
In this context, Kyrtsou & Terraza (2003) model the Paris Stock Market returns series
with a nonlinear stochastic model named Mackey-Glass. This model produces the best
forecasts of the mentioned time-series among various well-known auto-regressive models,
like GARCH. The same model with an addition of a GARCH component has found to
significantly underlie the dynamics of Canadian exchange rate over a 30-year period from
1973 to 2003 (Kyrtsou & Serletis, 2006). Furthermore, Kyrtsou & Labys (2006) and Kyrtsou
& Labys (2007) detect positive nonlinear feedback between commodity prices and US
inflation series. In addition, Hristu-Varsakelis & Kyrtsou (Hristu-Varsakelis & Kyrtsou)
and Hristu-Varsakelis & Kyrtsou (2008) develop a pairwise Granger-type causality test to
identify nonlinear causal relations and feedback between time series, while they provide
further evidence in the dependencies of commodity prices and US inflation.
Also, Marcellino (2002) provides further evidence that macroeconomic variables are
better predicted when using nonlinear models. After testing 500 time series of European
economic union, he finds out that for 30% of these time series, nonlinear models outper-
form linear models and that nonlinear models perform better for industrial production,
inflation and unemployment time series. Linear models included ARMA models and ex-
ponential smoothing models, while non-linear models included neural network models.
Brock, Hommes & Wagener (2005) approximate the properties of a market that con-
stitutes from a large type of different traders with heterogeneous expectations. They prove
that in the equilibrium of such a market (when market’s demand meets market’s supply),
the evolution law of the underlying properties of the market converges to the “large type
limit” state, which can be either a steady state, or a complex dynamic pattern of excess
volatility. In this sense, they prove, that when agents beliefs or trading types are quite
dissimilar, then the “system may thus become unstable and complicated dynamics may
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arise” (Brock et al., 2005). Hence, the non-linearities that are found in time series that
represent the equilibrium state of a many type traders (large type) market, can been seen
as the real underlying evolution laws of the system when it is in equilibrium. In this
sense, the real underlying dynamics of such a system are nonlinear. Of course, this ap-
proach leaves place to infer that, under different assumptions on the underlying structure
of market, will cause different dynamic laws of market to arise.
Kyrtsou (2008) further advances the approach to modelling economic behaviour, pro-
viding evidence that when agents follow nonlinear trading rules, then the exogenous
information that arise can distort the dynamical behaviour of an economic time series
and can cause high volatility and instability in markets. This means that “depending on
the nature of the mechanism that determines the arrival of news, information can produce
various kinds of stylized facts” Kyrtsou (2008). In parallel with the idea of Grossman &
Helpman (1991b) that products are vehicles that carry information, then trade in products
might produce anomalies in the markets of output if agents (producers or buyers) follow
non-linear decision rules. This argument seems crucial in understanding the role of trade
for the production between different individual agents, and for income inequality.
1.3 The need for testing for non-linearity in international trade
and inequality
The review of the relevant literature on the empirics on trade and inequality, reveals vari-
ous channels through which trade and inequality might be related. Empirical works iden-
tify these relations of trade and inequality providing various evidence. However, as we
have seen, there has been no effort on identifying more complicated dynamic dependen-
cies between trade and inequality. Does non-linearity have a significant effect on determining
the dynamic evolution of trade and inequality? This is a question that remains unanswered
in the economic literature. In this context, investigating for the presence and type of non-
linear dependence or causality between trade and inequality, seems reasonable for many
reasons as we argue in the following.
In the conceptual level, if we find evidence for nonlinear or chaotic causality effect
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between these two specific variables, then we might better understand the bigger ques-
tions of how traders act, homogeneous or heterogeneous? or what is the underlying mechanism
of this system -linear or nonlinear?. This can provide us with further understanding of
the economic phenomena, the macroeconomic systems and the properties of economic
time-series.
Furthermore, such a direction, can provide us with knowledge in order to know what
should we do, in a practical sense. For example, governments and policy makers can gain
knowledge on how to counteract factors when they want to take measures to decrease
inequality. Hence, if there are evidences that trade affects non-linearly inequality, this
will mean that an increase in trade can cause a non proportional decrease or increase of
income inequality, or that it is not possible to influence inequality by controlling trade.
Finally, if we detect non-linearity, but still societies are not sure of what to do and how
to counteract factors for controlling inequality, then this could mean that we should focus
our research attention on other directions, leaving aside specific types of non-linearity
that have found ”politically“ useless. This answers the question to the academic economic
society, of, what must we understand before we know what to do?.
Chapter 2
Methods and Results
In order to investigate for our working hypothesis of nonlinear causal effects between
trade and inequality, we are going to follow a logic of the procedure of Kyrtsou & Labys
(2006), which is depicted in figure 2.2. The logic of our modified methodology is concep-
tually and econometric-ally consistent and is depicted in figure ??. According to figure
??, we first test for linear cointegration between our series of trade and inequality using
Johansen’s (1988) method. If linear cointegration is found, this means that there exists a
long run relationship between the two variables of trade and inequality, hence, this en-
ables us to test for classic linear Granger (1969) causality and nonlinear Granger causality
of the Mackey-Glass type and therefore, identify the nature -linear or nonlinear- and the
directionality of the causal relationships between trade and inequality. At the next sec-
tions, follows a presentation of the data we used, a presentation of the methods, as well as
the results we obtained during all applications. A discussion on the findings and possible
implications finish this chapter.
2.1 The data
When one needs to test empirically how trade affects income inequality between or within
countries, he has to deal with data that represent income, either aggregate or per capita.
Classical approaches to income convergence (Sala-i Martin, 1996), use per capita GDP data
as a proxy for income inequality. As Sala-i Martin (1996) notes in his classic paper, the
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limited availability of the data has been a problem for “early students of convergence”,
since most data sets do not cover a wide range of years or countries. This problem
has sometimes ”been proved fatal“ since a research work in income distribution has to be
limited in a specific narrow span of observations or countries. Indeed, Aghion et al. (1999)
argue: ”unfortunately, the absence of data on the distribution of wealth for a sufficient
number of countries forces researchers to use proxies in empirical studies“.
Unfortunately, the limitation on the world wide data for a sufficient large sample of
countries and span of times (months, quarters or years), sets a constraint in the sample
of countries that we can use. Given the fact that we want to test for the presence of
non-linearity and given that nonlinear analysis requires a large data set in order to obtain
robust results, we are finally delimited to select a small group of 14 countries of the world,
namely Portugal, Spain, Greece, Finland, Japan, Sweden, Norway, Netherlands, Italy, Germany,
France, Austria, United Kingdom and United States of America. While most databases on
national accounts provide per-capita gdp data only in a yearly basis, we find the largest
data set of our variables at World Tables of International Financial Statistics (IFS) database1.
For trade variable we select Exports and Imports series, while for inequality, we select
Industrial Production (hereafter IP). Exports and imports series represent total values of
exports and imports in goods, in millions of U.S dollars. Whereas, Industrial Produc-
tion indexes covers industrial activities in mining, quarrying, manufacturing, electricity,
gas and water and serves ”as indicators of current economic activity“ (IFS tables notes).
Particularly, we can see industrial production as the quantities of endowments of one
country, which when multiplied with market prices it gives a dimension of the gross do-
mestic product of this country. Nevertheless, this proxy can not be equal for all countries
of our group since countries are engaged in different activities of industrial production.
The data are monthly and cover a wide period with broad historic perspective, from
01/1961 to 05/2008 (569 observations). The data are not seasonally adjusted, “which bet-
ter capture the underlying time series dependence between the two variables” (Kyrtsou
& Labys, 2006) of trade and inequality.
1www.imfstatistics.org/imf
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We represent trade with three alternative time-series. The first is the sum of exports of
all countries (hereafter EXP), the second is the sum of imports of all countries (herafter IMP)
and the third is the sum of trade= exports + imports of all countries (herafter TRADE). As far as
the inequality variable (herafter INEQ) it concerns, we use the concept of σ-convergence which
was described in the previous subsection, with a slight modification. The modification
refers to the fact that we measure standard deviation of income (σ-convergence) using
the levels of the IP (Industrial Production) time-series of the 14 countries and not from
gdp per capita, as is used to. This means, that our measure of income inequality, refers
to inequality of the total Industrial Production between-(the)-countries of our sample and
not within (those) countries.
Preliminary analysis of the data
In order to perform a preliminary analysis of the statistical properties of our time se-
ries, we introduce the graphs of every time series and implement unit root tests in or-
der to adjudge whether our time series are stationary processes or not. We applied
the Dickey-Fuller (1979), Phillips-Peron (1988) and Kwiatkowski, Phillips, Schmidt, Shin
(KPSS) (1992) tests, to identify unit roots in all our series. All tests showed that a unit
root was present in all variables TRADE, EXP, IMP and INEQ, whereas the unit root hy-
pothesis of the log-differenced version (growth of all time series was rejected. This means
that all our time series are integrated of order one, i.e. I(1), which means that they have
become stationary after the application of first differences.
Non-stationarity of the data is also obvious from figure 2.3 and 2.5 where we can see
that the levels of the trade series exhibit upward trend, while inequality series exhibits an
irregular cyclical behaviour. We can observe that trade is increasing steadily since 2000
and exponentially after 2000. Also, we can see from the level of inequality series that
inequality between the industrial production of the 14 countries of our group exhibit an
upward trend until 1975, a big downward trend until 2000 (with as small break for a
while) and then it is upward trending again.
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2.2 Linear tests
We outlined in the introduction that the main objectives of this work is to test the hy-
pothesis of the linearity or non-linearity of the underlying structure of trade and in-
equality. As far as this first hypothesis is concerned, we are going to implement at first,
Johansen’s (1995) test for linear cointegration, that is based on Equilibrium Correction
Models (ECM’s)2.
2.2.1 Johansen’s test for linear cointegration
VAR (Vector Auto-regressive) models are useful for variables that do not have unit roots.
If unit roots are present, Granger & Newbold (1974) showed that standard regression
analysis on the relationship between the levels of two or more specific (non-stationary)
variables, yields spurious results. This means that any linear relationship that is found to
exist between these unit root variables, has no statistical significance or economic mean-
ing, even though the statistics of the overall model, or its parameters, are highly signif-
icant. Cointegration analysis specifically addresses the non-stationarity problem and is
therefore a feasible solution in this respect.
Two non-stationary I(1) processes Xt and Yt, are said to be cointegrated, if there exists
a linear combination of them, that is stationary, i.e I(0). Hence, the empirical counterpart
of any economic relation
Y = βX (2.2.1)
where Y and X are variables that are (assumed to be) represented by two non-stationary
I(1) time series, can be written as a cointegrated relation
Yt − βXt = υt (2.2.2)
, where υt is a stationary process measuring the deviation from the steady-state position
at time t. “The stationarity of υt implies that whenever the system has been shocked,
it will adjust back to equilibrium” (Juselius, 2006). That is, only if the two variables
are cointegrated they stay close to each other even-though they drift about as individual
2Or Error Correction Models, as it has been also referred to.
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processes. Only then, there exists a meaning-full, econometric-ally speaking, long run
relationship between them. On the contrary, when the variables are not cointegrated,
the deviations (υt), of the long-run relationship will become further and further larger,
which means that the two variables eventually diverge one from another. Thus, if the
non-stationarity of one variable corresponds to the non-stationarity of another variable,
then there exists a linear combination between them that becomes stationary.
An appealing way of modelling cointegrated variables, is through Error Correction
Models (ECM’s). Engle & Granger (1987) provided proof that when two or more variables
are cointegrated, then there exists a Vector Equilibrium Correction (VEC) representation.
Johansen (1995) developed a test for testing for cointegration between a vector of vari-
ables, using the Maximum Likelihood approach treating the vector process in the context
of a system. Johansen’s maximum likelihood approach for testing the hypothesis of the
number r of cointegration relations, which is equivalent to H(r) : Π = αβ′, is based on
the following VEC model of the p-dimensional process xt:
H(r) : ∆xt = αβ′xt−1 +
k−1
∑
i=1
Γi∆xt−i + ΦDt + εt (2.2.3)
where α and β are p × r, r is the number of “stable” economic long-run relations be-
tween the “unstable” economic data, or else the rank of matrix Π = αβ′, Γi are p × p,
Dt and ε are i.i.d. errors that follow Np(0, Ω). Under the hypothesis of H(r) : Π = αβ′,
Johansen (1995) proves that one first has to regress ∆xt on ∆xt−1, ..., ∆xt−k+1, Dt and xt
on ∆xt−1, ..., ∆xt−k+1, Dt and obtain the residuals R0t, R1t from the former and latter re-
gressions respectively. Finally, in order to obtain estimates for β, one has to estimate the
eigenvalue problem det(λS11 − S10S−100 S01), where Sij = T−1 ∑Tt=1 RitR′jt, i, j = 0, 1. From
the solution of the above eigenvalue problem, one can use the eigenvalues λˆ1 > ... > λˆp
in order to test for the cointegration rank.
Johansen proposes two likelihood ratio test statistics for this purpose. The so-called
maximum eigenvalue or λmax test statistic, which tests for H(r) against H(r + 1) and the
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trace test statistic, which tests for H(r) against H(p) and is found by comparing the likeli-
hood function for r and p. The alternative hypothesis of the trace statistic H(p), is equiv-
alent to the alternative hypothesis that the p-variate process xt is stationary and does not
ensure cointegration, nor does the acceptance of the null hypothesis H(0), which as can
been seen from equation 2.2.3, it corresponds to the VAR(k− 1) model for the process in
first differences. Cointegration is ensured only under the acceptance of one of the models
in between, H(1), ..., H(p− 1).
We apply the Johansen’s test for cointegration at the levels of the variables on all
three 2-dimensional models, that is on EXP-INEQ, IMP-INEQ and finally TRADE-INEQ.
Prior to the testings, we obtain the optimal endogenous lags k for each test, from Schwarz
Information Criterion. For all three models, we searched up to 24 lags and the optimal
lags can been seen on each of the following tables respectively. At the tables following,
we obtain only the trace statistic results. However, it is worth mentioning that the results
we obtained when we used the maximum eigenvalue test were identical. The numbers
presented at the tables were obtained with JMULTI3 software, which is a very compact
and practical software for multivariate (linear-streamed) econometric analysis. Almost
identical results obtained when used either the well-known Eviews, or the open-source
Gretl4 software.
Table 2.1: Test for linear cointegration of EXP and INEQ using Johansen’s method. r denotes the
number of cointegrated vectors. If r = 0, then there is no cointegration. If the computed statistic
is below the critical value, then we cannot reject the H0 hypothesis. The number of lags in the
corresponding VAR is set equal to 12, based on Schwarz criterion.
Hypotheses Trace test statistic Prob-value 95% critical value
Ho Ha
r = 0 r ≥ 1 29.44 0.0015 20.16
r = 1 r ≥ 2 1.19 0.9113 9.14
From tables 2.1, 2.2 and 2.3, we see that we can accept the hypothesis of one cointegration
equations for the models EXP-INEQ (table 2.1) and TRADE-INEQ (table 2.3) at 1% significance
3http://www.jmulti.de
4http://gretl.sourceforge.net
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Table 2.2: Test for linear cointegration of IMP and INEQ using Johansen’s method. r denotes the
number of cointegrated vectors. If r = 0, then there is no cointegration. If the computed statistic
is below the critical value, then we cannot reject the H0 hypothesis. The number of lags in the
corresponding VAR is set equal to 21, based on Schwarz criterion.
Hypotheses Trace test statistic Prob-value 95% critical value
Ho Ha
r = 0 r ≥ 1 19.28 0.0669 20.16
r = 1 r ≥ 2 1.20 0.9092 9.14
Table 2.3: Test for linear cointegration of TRADE and INEQ using Johansen’s method. r denotes
the number of cointegrated vectors. If r = 0, then there is no cointegration. If the computed
statistic is below the critical value, then we cannot reject the H0 hypothesis. The number of lags
in the corresponding VAR is set equal to 16, based on Schwarz criterion.
Hypotheses Trace test statistic Prob-value 95% critical value
Ho Ha
r = 0 r ≥ 1 26.86 0.0043 20.16
r = 1 r ≥ 2 1.14 0.9182 9.14
level, whereas from table 2.2 we see that we can accept the hypothesis of one cointegration equations
only at 10% significance level. This means that in the long run, there exists only one linear
dependence between each “trade” series and INEQ. That is to say, either exports (EXP) must
cause inequality (INEQ), or inequality must cause exports in the long run. The same
logic holds for the other two models tested, namely IMP-INEQ and TRADE-INEQ. The
cointegrating 2.1 relations that were found, are long-run relations in the sense that they
have been there all the time. They influence the movement of the process by pulling
towards the attractor set, which in the case of linear cointegration, is a straight line. The
test statistics, can be interpreted as measuring the “length” of the adjustment of the non-
stationary components of vector xt towards the attractor set, that is towards the long run
equilibrium values of xt.
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2.2.2 Linear Granger causality test
The identification of linear cointegration provides stable ground for testing for causality
relations in our “trade”-inequality models. In this section we briefly introduce the classic
Granger causality test (1969) for testing for linear causality relationships from one variable
X to another variable Y, while we then apply the test to our series and introduce the
results.
The basic idea of Granger causality is that a cause cannot come after the effect. Thus, if a
variable X affects another variable Y, the former should help improving the predictions of the latter
variable. More formally, a variable Y is said to Granger-cause variable X, if the variance
of the error of the prediction of X when using past information of Y, is less than the
respective variance of the error of the prediction of X without using past information of
Y. In other words, a variable Y Granger-causes X ”if we are better able to predict X using
all available information than if the information apart from Y had been used“ (Granger, 1969).
To test for Granger causality relations between two variables, one first has to estimate
with Ordinary Least Squares (OLS), a Vector Auto-regressive (VAR) model of order p of
stationary variables, represented by the following equation:
Xt = α11 +
p
∑
j=1
β1jXt−j +
p
∑
j=1
γ1jYt−j + ut,
Yt = α21 +
p
∑
j=1
β2jXt−j +
p
∑
j=1
γ2jYt−j + et,
(2.2.4)
If variable Y Granger-causes X, then the sum of the estimated coefficients γ1j on the
lagged Y in equation 2.2.4 is statistically different from zero (i.e., ∑
p
j=1 γ1j 6= 0). In that
case, the sum of the errors of the unrestricted model, Su should be considerably less
than the sum of the errors of the restricted one Sr in equation 2.2.4, in order for the null
hypothesis to be rejected. The null hypothesis that Y does not Granger-cause X, which is
equivalent to ∑
p
j=1 γ1j = 0 is tested with an F test given in equation 2.2.5 below,
F =
(Sr − Su)/p
Su/(N − k) ∼ Fm,N−k (2.2.5)
where p is equal to the number of lagged Y terms and k is the number of parameters es-
timated in the unrestricted regression of eq.2.2.4. Respectively, in order to test whether X
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Granger causes Y, the test is repeated with the same logic, with the restriction ∑
p
j=1 β2j 6= 0
being now the null hypothesis.
The selection of the order p of the VAR system (i.e the lags of variables), is selected
either on the basis of the information criteria, such as Akaike’s, Hannan-Quin, Schwarz,
or on the basis of a sequence of Likelihood Ratio (LR) tests. It is worth noticing however,
that Granger causality test is very sensitive to variations in the lags of the VAR system,
since the direction of causality may depend critically on the number of lagged terms
included. Hence, attention should be paid for the procedure selecting the order p of the
VAR system. In our study, we use Schwarz Bayesisan Criterion (SBC) for selecting the
order of the VAR in order to test for Granger causality, which is known to be a super
consistent criterion in large sample sizes, a property that is maintained even for integrated
processes, as Paulsen (1984) and Tsay (1984) proved5.
Schwarz criterion prompts us to select p = 13 as optimal order of the VAR model 2.2.4,
order for which the criterion value becomes smaller. The results of the linear Granger
causality tests are presented in the following tables. As tables 2.4, 2.5 and 2.6 clearly
show, linear Granger causality tests identify unidirectional linear causality from DLINEQ to
all ”trade“ series, namely DLTRADE, DLEXP and DLIMP respectively. On the contrary, no
linear causality is identified from ”trade“ series to DLINEQ. Under these evidence, we
can say by so far, that DLINEQ linearly Granger-causes all trade series, namely DLEXP,
DLIMP and DLTRADE.
Table 2.4: Test for linear causality. If P < 0.05, then at 5% we reject the null hypothesis that A does
not cause B. The order for the VAR model was p = 13.
Relation (A → B) F-statistic Probability
DLTRADE → DLINEQ 0.6612 0.8013
DLINEQ → DLTRADE 1.9143 0.0263
5For a detailed discussion and comparison on the criteria selecting the order of a VAR, see Lütkepohl
(2005, chap. 4).
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Table 2.5: Test for linear causality. If P < 0.05, then at 5% we reject the null hypothesis that A does
not cause B. The order for the VAR model was p = 13.
Relation (A → B) F-statistic Probability
DLEXP → DLINEQ 0.5504 0.8926
DLINEQ → DLEXP 2.0440 0.0160
Table 2.6: Test for linear causality. If P < 0.05, then at 5% we reject the null hypothesis that A does
not cause B. The order for the VAR model was p = 13.
Relation (A → B) F-statistic Probability
DLIMP → DLINEQ 0.7906 0.6705
DLINEQ → DLIMP 2.1524 0.0105
2.3 Nonlinear tests
In the previous section we detected linear cointegration and one-way linear Granger
causality in trade and inequality series. We now proceed with the testing of the non-
linearity hypothesis, which we specifically investigate for nonlinear dependence or causal-
ity between trade and inequality. The first subsection covers a uni-variate test for non-
linear dependence in a time series which is known as BDS, while the next subsection
includes the Mackey-Glass nonlinear causality test.
2.3.1 BDS test
BDS test is a general test for dependence in a time series and is based on the concept
of “correlation dimension” that first suggested by Grassberger & Procaccia (1983) and
further developed in its final form in Brock, Scheinkman, Dechert & LeBaron (1996). The
test is a non parametric method for testing for serial dependence and nonlinear structure
in a time series. The null hypothesis that is tested for is that a time series sample comes
from a data generating process that is Independent and Identically Distributed (IID),
which means that the data come from a white noise stochastic process, i.e. whiteness.
Although “the BDS statistic has its origins in the [...] work on deterministic nonlinear
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dynamics and chaos theory” (Brock et al., 1996), the alternative hypothesis of the test is
not specified, which implies that the test “does not provide direct [evidence] for non-
linearity or chaos, but indirect evidence about nonlinear dependence, whether chaotic or
stochastic, which is necessary but not sufficient for chaos”(Kyrtsou & Labys, 2006).
The BDS statistic, under the null hypothesis of whiteness is:
W(T, m, ε) =
√
T
C(T, m, ε)− C(T, 1, ε)m
σˆ(T, m, ε)
(2.3.1)
where m is the embedding dimension, C(T, m, ε) the correlation integral, which is a mea-
sure that quantifies self-similarity in the data6, σˆ(T, m, ε) is an estimate of the asymptotic
standard deviation of C(T, m, ε)− C(T, 1, ε)m and T is the number of our time series sam-
ple data. Under the null hypothesis, the BDS test statistic follows asymptotically the
standard normal distribution, which means that for IID observations of the time series,
we would expect the test’s absolute values to be less than the critical values (e.g. if a=0.05,
the critical value = 1.96), in order to accept the null hypothesis.
As we mentioned earlier in sec 2.2.2, all time series was found to be integrated of order
1, i.e I(0), hence we applied the BDS test to all our stationary transformed time series,
namely DLTRADE, DLEXP, DLIMP and DLINEQ, for dimensions,m 2-5 and ε equaling
0.5, 1, 1.5 and 2 standard deviations of the data. The results of the tests are presented in
the following table 2.7 and have been obtained with Eviews.
We can see from table 2.7, that the null hypothesis of independent and identically dis-
tributed observations (i.e whiteness) is rejected in all cases except for the DLINEQ series,
for which we cannot reject the null hypothesis at dimension m = 1 and ε = 1, 5 and
2 standard deviations. The BDS test statistics are considerably greater than the criti-
cal value of the standard normal distribution, at 1% significance level7. These results
strongly suggest, that all time series, namely DLTRADE, DLEXP, DLIMP and DLINEQ,
are non-linearly dependent, whether chaotic or stochastic. However, since as mentioned
6Correlation integral is a measure of the frequency with which temporal patterns are repeated in the data.
Or else, is the mean probability that the states of a time series at two different times are close [or same]
(Grassberger & Procaccia, 1983)
7It is worth mention that the same results were obtained even if BDS test is based on bootstrapped
distributions after 1000 repetitions. The test rejects the null hypothesis at 1% level, at all dimensions m
except for DLINEQ at m = 1 and ε = 1.5 and 2.
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Table 2.7: BDS tests for nonlinear dependence at dimensions (m) 2-5. If |W| > 1.96, then at 5% we
reject the null hypothesis that the tested series comes from an IID process.
m ε
0.5σ 1σ 1.5σ 2σ
A. DLTRADE
2 5.67 4.88 3.72 3.39
3 9.66 7.61 6.06 5.45
4 13.07 7.90 5.28 4.61
5 22.89 10.38 5.12 4.06
B. DLEXP
2 6.40 4.79 3.98 3.79
3 13.35 9.27 7.02 5.88
4 21.10 10.58 6.40 4.96
5 35.96 14.68 6.57 4.32
C. DLIMP
2 6.43 5.74 5.09 4.99
3 8.70 6.99 6.31 6.17
4 9.91 6.46 5.45 5.26
5 14.6 7.67 5.14 4.60
D. DLINEQ
2 9.80 4.19 1.64 0.24
3 13.71 6.67 4.77 4.30
4 17.41 8.23 6.08 5.66
5 21.44 9.65 6.82 6.27
earlier, the sampling distribution of the test statistic is not known under the hypothesis
of non-linearity, these evidence can only be considered as indirect evidence for nonlinear
uni-variate dependence.
Moreover, the above evidence from BDS test, where all time series are found to be
generated rather from a nonlinear process, provides more reasoning to the rational of
our methodology, to further test the hypothesis of nonlinear causality between trade and
inequality. This hypothesis is tested in the next subsection where we implement the
Mackey-Glass nonlinear causality test.
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2.3.2 Mackey-Glass nonlinear causality test
The causality test that is applied here for testing for nonlinear Granger causality has been
proposed from Hristu-Varsakelis & Kyrtsou (Hristu-Varsakelis & Kyrtsou). Its funda-
mental modification is that it replaces “the linear VAR specification used by Granger, by
a discrete-time, Mackey-Glass model, in order to detect nonlinear “links” between the
variables studied“ (Hristu-Varsakelis & Kyrtsou, 2008). The underlying process that it
assumes has a special type of nonlinear structure, known as the bi-variate noisy Mackey-
Glass model”, a process which was initially proposed in Mackey & Glass (1977) as a
mechanism for blood cell production. Kyrtsou & Terraza (2003) were the first to use the
discrete version of the Mackey-Glass equation in modelling financial time series, while it
has been further investigated (Kyrtsou & Labys, 2006; Kyrtsou & Serletis, 2006) to easily
“reproduce properties of real economic data”(Hristu-Varsakelis & Kyrtsou, 2008). The
model is as follows:
Xt = α11
Xt−τ1
1+ Xc1t−τ1
− δ11Xt−1 + α12 Yt−τ21+Yc2t−τ2
− δ12Yt−1 + εt εt ∼ N(0, σ2ε ),
Yt = α21
Xt−τ1
1+ Xc1t−τ1
− δ21Xt−1 + α22 Yt−τ21+Yc2t−τ2
− δ22Yt−1 + ut ut ∼ N(0, σ2u),
(2.3.2)
where t = τ, ..., N, τ = max(τ1, τ2) and X0, ..., Xτ−1, Y0, ..., Yτ−1 are given. The αij and δij
are parameters to be estimated, τi are integer delays and ci are constants. In addition to
the above, the M-G Granger causality test is intentionally selected against other similar
nonlinear Granger-type causality tests, like Baek & Brock (1992); Hiemstra & Jones (1994),
because of the ability of it’s process to capture a wide variety of dynamics from a time
series, by adjusting the parameters ci and τi. As was clearly pointed out from Mackey &
Glass (1977), “increases in τ” [up to 6], make the stable solutions of the system “become
unstable and stable periodic solutions appear”, while “further increases in τ”, [up to 20],
make the system’s dynamics evolve in a cyclic and “chaotic or aperiodic regime”8.
8The mentioned equilibrium analysis stands for specific given set of parameters on the initial conditions
of the continuous version of M-G process. Detailed information can be found in Mackey & Glass (1977)
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Conceptually and “operationally, the test is similar to the linear Granger causality
test, except that the models fitted to the series are M-G processes”, which means that
“it attempts to detect whether past samples of a variable Y have a significant nonlinear
effect (of the type Yt−τ2 /(1 + Y
c2
t−τ2)) on the current value of another variable X” (Hristu-
Varsakelis & Kyrtsou, 2008). Firstly, one has to select the parameters of the M-G process,
τ1, τ2, c1, c2. The selection of the best delays τ1, τ2 are made “on the basis of likelihood
ratio tests and the Schwartz criterion”. Then comes the estimation of “the parameters
of the M-G model that best fits the given time series, using ordinary least squares”. To
test for causality from Y to X, a second M-G model is estimated, under the constraint
α12 = 0. This latter equation stands for the null hypothesis of the test. By the rationale of
an F test, if the sum of the squared residuals of the unconstrained model Su = ∑Nt=1 εˆ2t , is
considerably less than the sum of squared residuals of the constrained one, Sc = ∑Nt=1 ϑˆ2t ,
in order for the test statistic
SF =
(Sc − Su)/nrest
Su/(N − n f ree − 1) ∼ Fnrest,N−n f ree−1 (2.3.3)
to become greater than a specific value, then we can reject the null hypothesis that Y does
not cause X in a Granger sense. Accordingly, the p-value for the test is computed from
p = 1− Fcd fN−n f ree−1(SF, nrest, N − n f ree − 1), (2.3.4)
where Fcd fa,b is the cumulative distribution function for the Fa,b distribution.
Table 2.8: Test for nonlinear Mackey-Glass causality. If P < 0.05, then at 5% we reject the null
hypothesis that A does not cause B. The parameters for the M-G model were τ1 = 12, τ2 = 12,
and c1 = c2 = 2.
Relation (A → B) F-statistic Probability
DLTRADE → DLINEQ 14.5841 1.5E-4
DLINEQ → DLTRADE 0.3416 0.5592
As we mentioned earlier in section 2.2.2, all time series was found to be integrated of
order 1, i.e I(1), hence we used the log-difference version of the time series, DLTRADE,
DLEXP, DLIMP and DLINEQ respectively. The results of the nonlinear M-G causality
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Table 2.9: Test for nonlinear causality. If P < 0.05, then at 5% we reject the null hypothesis that A
does not cause B. The parameters for the M-G model were τ1 = 12, τ2 = 12, and c1 = c2 = 2.
Relation (A → B) F-statistic Probability
DLEXP → DLINEQ 13.6869 2.3E-4
DLINEQ → DLEXP 0.4431 0.5059
Table 2.10: Test for nonlinear causality. If P < 0.05, then at 5% we reject the null hypothesis that
A does not cause B. The parameters for the M-G model were τ1 = 12, τ2 = 12, and c1 = c2 = 2.
Relation (A → B) F-statistic Probability
DLIMP → DLINEQ 12.8168 3.7E-4
DLINEQ → DLIMP 0.2058 0.6502
tests are shown in tables 2.8, 2.9 and 2.10. As we can see, the tests identify unidirectional
nonlinear causality at significance level a = 5%, from all trade variables to INEQ, namely
from DLTRADE to DLINEQ (table 2.8), from DLEXP to DLINEQ (table 2.9) and finally,
from DLEXP to DLINEQ (table 2.10), since the probability values of the three tests, are
considerably below 0.05. This means that our test identifies that trade Granger-causes
non-linearly inequality, as also that exports and imports cause non-linearly inequality.
Being more accurate and since the tested series are the first differences of the logarithms of
the levels, we can say that the growth rate of trade causes non-linearly the growth of inequality.
Contrarily, no (non-linear) causality is identified from inequality to the trade variables,
since F-statistics are considerably small in order to reject the critical values of the test, a
fact that is also supported from the large probability values respectively.
At the next section follows a detailed discussion on the findings of this chapter, com-
pared with the theoretical settings and past empirical evidence that developed earlier.
We furthermore try to identify the importance of our findings with regard to economic
implications and economic policy.
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2.4 Discussion-implications
This thesis provides us with some new robust economic and statistic results. We used
monthly country data for aggregate trade and industrial production inequality, in order
to test the hypothesis that the dynamic relation and the dependencies between these macroeconomic
variables is nonlinear. The results that we find in brief, are the following:
• trade time series (EXP, IMP and TRADE), are linearly cointegrating with inequality
(INEQ) series. For each couple of trade and inequality series, Johansen’s test for
linear cointegration found one linear long run cointegrating relation. This means that in
the long run, there exists only one causality relation between our two-dimensional
systems of “trade-inequality. That is, either trade causes inequality, or inequality
causes trade.
• Applying the linear Granger causality test, we find that, inequality, or more pre-
cisely DLINEQ, which is the growth rate of inequality, Granger-causes all log-
differenced versions of trade series, which are the growth rate of exports, imports
and trade, namely DLIMP, DLEXP and DLTRADE. No linear causality is detected
from the trade series to inequality. The above results of unidirectional (linear) causal-
ity, are in agreement with the Johansen’s test for cointegration, which predicted only
one cointegrating relations.
• With the application of BDS test for nonlinear (uni-variate) dependence, we found
that BDS test rejects the null hypothesis of independent and identically distributed
data for all four time series, i.e, DLEXP, DLIMP, DLTRADE and DLINEQ. This
means that our data possibly come from a nonlinear generating process.
• Finally, we operated the Mackey-Glass Granger-type causality test, in order to detect
possible nonlinear dynamic causality relations in our series. We find at 1% signif-
icance level, that DLTRADE, DLEXP and DLIMP series, cause non-linearly (of the
Mackey-Glass type) the DLINEQ series. No Mackey-Glass causality detected from
DLINEQ series to the three trade series (DLTRADE, DLEXP, DLIMP). This means
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that in our sample, the growth rate of the sum of trade, exports and imports of the
countries of our sample, cause non-linearly the growth rate of their inequality of
industrial production.
But what do our findings mean? Why are they where they are and what is their signif-
icance? How do they incorporate with the framework of trade or convergence theories
developed in the first chapter? What implications can we infer from them?
We can say from the beginning that our findings are significant, firstly for the theoret-
ical debate, secondly for the policy-making level and lastly for the operational framework
of statistical analysis of economic phenomena. First of all, we have to make clear that we
identify a curious ”bi-directionality”, or two way causality between our time series, that
is, each variable causes each other. The causality from inequality series to “trade” series
is linear, while the causality from “trade ” series to inequality series is nonlinear, of the
particular Mackey-Glass type.
A small change of trade series (EXP, IMP, TRADE) can cause a large non-proportional
change in inequality series (INEQ). At the same time, inequality causes back again trade
series, with the latter responding proportional to the effect of inequality, since the particu-
lar causality is found to be of the linear type. This loop, or “circle”, goes on continuously
on time and the total outcome in the dynamics of the system is that: inequality never
“rests”, neither it converges monotonically to a steady state, since trade causes non-linearly
inequality.
In other words, since trade causes non-linearly inequality, this means that inter-
country inequality between the twelve countries of our sample, either does not converge
at all, or it converges with periodic or aperiodic oscillations around a steady state. This
result, though it is qualified only in a specific type of non-linearity, is however very im-
portant for providing us with further knowledge about the dynamic relation of trade and
inequality.
We do not identify the sign of these causalities, whether they are positive or negative.
However we can say from the beginning that, since this relation has nonlinear sources,
then the underlying dynamic evolution of the system follows a nonlinear path. The
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nonlinear dynamic dependencies which are captured from the Mackey-Glass model can
be either cyclical, periodic, aperiodic or chaotic, depending on the parameters of our
model.
If we now try to incorporate our findings with the theoretical framework that was
outlined in chapter 1, we will see that they are in accordance with the context of the
theories which predict that either trade causes inequality or inequality causes trade.
Let’s start from the linear causality that we detected from inequality to trade series.
This finding comes in agreement with the theories that predict that inequality in the en-
dowments of countries, cause trade to arise between them. This is in correspondence
with the Heckser-Ohlin-Samuelson theory that predicts that inequality in the relative en-
dowments of product factors, make countries specialize in the production of the products
that require the use of their abundantly endowed factors and export this product to other
countries that are not abundantly endowed with it. This is quite sensible, since differ-
ences in endowments is a basic reason that cause firms and countries trading with each
other.
Furthermore, the time series of the data also support the hypothesis of the new trade
theory which predicts that trade arises even if the trading countries are almost the same
(in endowments). In this case, theory predicts that the more similar the countries are, the
more the intra-industry trade will arise (Krugman, 1981). This results is proved from the
graphs of the time series (2.3), where the aggregate trading activity of the 14 countries, is
exponentially increasing in the period of our sample (1960 to 2008)
Additionally, the causality from inequality to trade is in accordance with the pre-
dictions of Alesina & Perotti (1996), Levy (2002) and Aghion et al. (1999), claiming that
income inequality can cause macroeconomic fluctuations of the economic series of pro-
duction, growth or trade. Even though we do not identify nonlinear causality from in-
equality to trade, which would corroborate the hypothesis of the fluctuations, we still
identify a linear causality that comes to accordance with their general framework. Fi-
nally, we have to say that our finding of the causality from inequality to trade, is also in
agreement with the past empirical work of Cyrus (2004) who finds linear causality from
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inequality to trade. On the other hand, Dutt & Mukhopadhyay (2005) that use the same
concept with us for measuring per-capita inequality, (σ-convergence) for a period of 1977
to 1988 of annual data, do not identify linear causality in their sample, from per-capita
inequality to trade.
Concluding, the linear causality that we find, from (industrial) inequality to trade, is
supported by the framework of trade theories that we developed in chapter 1. However,
our inference is not quantified, which means that we do not know whether inequality
causes an increase or a decrease in trade.
As far as the nonlinear causality from trade to inequality is concerned, our finding
corroborates the hypothesis of the models of Young (1991), Grossman & Helpman (1991b),
Grossman & Helpman (1991a) and Aghion et al. (1999) who all predict in general, that the
causality of trade to the production rates of the trading countries will be non-proportional,
cyclical.
If we adopt the notion of Grossman & Helpman (1991b) who see products as vehicles
carrying information then we can parallel our time series of trade, exports and imports as
the channel of information flow from and to the group of our countries. Hence, trade in
products and services carry new and old information, or technology about the production
process. According to Young (1991), this knowledge can be carried from one product (or
production process) to another one through imitation. Within this context, trade can
cause individuals to adopt new knowledge-technology for their production processes
and can affect firm’s output and countries output. This can imply that trade can cause
different growth rates between countries (Young, 1991; Grossman & Helpman, 1991a), due
to the various accumulated knowledge that they carry and according to the underlying
mechanism of the information flow and processing of the individuals.
But, what is the mechanism that this flow is taking place? As Aghion et al. (1999)
argue, the diffusion of the knowledge on the economy is nonlinear because of the process
of social learning. This is because of the snowball effect that takes place when only a few
firms start to apply the new technology at the beginning and after a while the most of the
firms use this new knowledge because of the successful “templates” of the use of this new
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technology to production. The latter, in association with the product cycles and “quality
ladders“ (Grossman & Helpman, 1991a) that economies exhibit when each firm improves
further an existing product and captures the market, can indeed validate the nonlinear
process of production that takes place between different firms and around the (economic)
geographical space.
Also, the new knowledge that is gained from new inventions which can be embodied
in trading products, is carried through interacting agents and merchandisers when they
make the transaction procedures (Young, 1991). According to Kyrtsou (2008), an infor-
mation flow pattern can follow a nonlinear structure. Under this assumption of nonlinear
trading rules of agents, we can see trade series as the flow of information from and to
the countries of our group. Then, when an individual receives new information from
a trading product, he reacts to the arrival of the new information on the basis of his
own black box mechanism, that is the mechanism through which he filters the specific
information. The outcome of this latter processing depends on the mechanism of the
individual. If the black box mechanism of all individuals is described from a linear struc-
ture, then this means that all individuals-traders that receive the new information, should
react in an identical or homogeneous manner to the arrival of the new information. If this
black box filter differs through each individual, then this means that individuals have
heterogeneous behaviours. In the latter case, the filter of some individuals might follow
a nonlinear mechanism. In this last case, the outcome of this nonlinear process is finally
transferred to the production of firms, where each firm or country responds irregular or
non-proportional to the information arrival.
Indeed, Brock et al. (2005) argue that when the diversity of beliefs of the different types
of traders increases, then the market may exhibit excess volatility and complex dynamics.
Then the total aggregate behaviour of the trade time series of each (industrial) country,
is derived from the aggregate summation of it’s agents (firms) reactions to the arrival of
the “trading” information. Assuming that each firm is heterogeneous, and that the trader
types of the aggregated time series is quite large, then we can accept that the Large Type
Limit of the properties of all firms of the countries of our group, must be well described
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from the aggregated time series of trade. Under this assumption, the non-linearity that we
find in trade time series can be accepted as describing quite well the original underlying
dynamics of the trade market.
Under the above rational, the total production of each country, as a result caused by
the nonlinear mechanism of trade, must never be similar with the production of another
country. In this case, the inequality of industrial output between these countries, can
never be nil, which means that industrial production can never converge in the same
steady state. One possible channel for this outcome might be the arrival news through
trade in commodities and products. If this is the case, then trade indeed causes non-
linearly production inequality. This means that the response of inequality to an impact of
trade is non-proportional, i.e, nonlinear.
Of course, this has many implications. The most important is that in such a case where
trade causes non-linearly inequality, policy makers are incapable of controlling inequality
by controlling trade. Since trade takes place all time in modern economies, we can infer
that this nonlinear non-proportional effect takes place all the time and makes inequality
to evolve in an unpredictable manner. This inference is very important, since it tells us
that policy makers have to find other ways of controlling inequality between nations.
Lastly, our findings provide support in favour of theories and past empirical evidence
which argue that economic phenomena are better described with nonlinear approxima-
tions. The application of this thesis, teaches us this valuable lesson because we identified
nonlinear causality relations, where the standard linear tools (Johansen’s cointegration
test) did not capture. Indeed, linear models cannot capture all the dynamics of a par-
ticular system. In order to accept an investigated hypothesis, whether it is theoretical
or applied, we should account for the presence of non-linearity, stochastic or chaotic. If
non-linearity is present, results stemming from linear approximations should be further
reconsidered. Reexamination can be either at theoretical level, e.g at the structure of an
economic model, or at statistical level of analysis of a model’s corresponding properties.
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Figure 2.1: Kyrtsou & Labys (2006) procedure for testing for non-linear feedback
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Figure 2.2: Modified procedure for testing the nature and directionality of the dependence and
causal relationships between trade and inequality
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Figure 2.3: Plots of exports, imports and trade time series (levels)(from right to left)
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Figure 2.4: Plots of the log-differenced (growth levels) version of exports, imports and trade time
series (from right to the left)
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Figure 2.5: Plots of the inequality time series, in levels and log-differenced versions (from right to
left)
Chapter 3
Conclusions
3.1 Review
After reviewing many theories that link trade and inequality among incomes and na-
tions, we find that there are many reasons justifying the testing for the presence of non-
linearity in this system. We modelled trade with a historic time-series of monthly data
from 1961:01 to 2008:05 and industrial inequality with a series representing the aggregate
σ-convergence for our group of 14 countries. Our empirical findings confirm the theo-
retical assumptions outlined in chapter 1. We identified that trade causes non-linearly
inequality, and inequality causes linearly trade. This curious bi-directionality is a rather
valuable result that states clearly, that inequality among these nations (industries) never
rests due to the nonlinear effect from trade. This also means that it is rather impossible to
control inequality between countries because trade is impacting non-linearly on inequal-
ity. Our choice of testing linear and nonlinear causality has proved correct, because it
seems that linearity and non-linearity can operate complementary, and thus can reveal
rich and combined dynamic relations.
3.2 Further work
However, further work is required to estimating the signs of the causalities found. Such
an advance can help us make further inference for the quantitative effects of trade and
inequality to each other. Also, in order for our results to become more robust, further
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analysis of the data is required, with alternative nonlinear models which can capture
other types of nonlinear dynamics. Disaggregation of the inequality and trade time-series
to each individual country’s time-series, can provide us much clearer views about the way
that each individual country’s trade behaviour affects her own growth rate. We believe
that in this case, trade might also cause non-linearly the growth rate of a country for
reasons that mentioned throughout this thesis. Such an identification could provide us
with knowledge for modelling and explaining the business cycle phenomena.
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